UNCLASSIFIED S(ECURITY CLASSIFICATION OF THIS PAGE

77
A broadband measurement (40 to 4000 Hz) of the vertical directional spectrum of the underwater ambient acoustic field was made in an acoustically isolated area where the ambient is dominated by well documented local sea conditions. Measuiements, made over a one-year period, sampled a wide range of sea conditions and made possible a statistical analysis of the effects of the sea surface condition on the acoustic field, Having the total directional spectrum, unperturbed by long-distance sources, allowed the partitioning of the measurement into multiple source types; each type distinguished by its unique vertical directional pattern. An important component of the sea surface-generated radiation is a diffuse distribution of vertical dipole sources. A unique property of the presen 2 :,. :'
-II' it data analysis is that the dipole sottrce strength @area densityo is found by matching only that part of the total measured pressure field exhibiting a dipole pattern. This is accomplished by parametric spectral estimation procedures. The frequency spectrum of the dipole source strength is found to be a bandpass function whose parameters are statistically related to the wind-generated surface friction velocity. (The results of the analysis contribute an important element to an accurate model'ing of the space-time statistics of sea surface sound. , It is generally agreed that an important component of the sea surfacegenerated radiation is a diffuse distribution of vertical dipole sources. 1 , 2 ,3 Such radiators result from spray impact on the surface and the injection of nonspherical air bubbles a small fraction of a wavelength from the pressure release surface. The dipole source structure is fundamental to nearly all of the acoustic ambient prediction algorithms in current use. Despite the ubiquitous use of the term there are relatively few measurements of the source strength 4, 5, 6 and thus little is known about its statistical properties. It was the objective of the task being discussed here to estimate the statistical properties of these dipole source strengthr.
UNCLASSIFIED
The approach taken in this study had two components. First, a data base was accumulated from measurements of the solid angle vertical directional spectrum made in an acoustically isolated area where the acoustic ambient is dominated by the local sea conditions. Second, the dipole source strength "area density" is found by matching only that part of the total measured directional spectrum that exhibited a dipole pattern.
7E)
a)
The Tongue of the Ocean in the Bahamas was the location of the measurement.
It is a relatively deep water basin totally isolated from global shipping. The actual cul-de-sac measurement location is further shielded from transiting vessels north of the site by the landmass north of the location.
•
There is no place to transit to in the cul-de-sac itself so shipping is nearly nonexistent in the vicinity of the sensor system. The acoustic measurement is some 30 nmi from the anemometer which is 10 m above the water surface.
The data base consists of 101 trials taking place over a ten-month period. The minimum time between trials is 48 hours which for the most part assured statistical independence. 
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SLIDE 3
The measurement system objective was a broadband characterization of the diffuse acoustic ambient field. This slide shows the acoustic sensor system used. 7 It consisted of a vertical hydrophone array which covered the two decade frequency range of 40 to 4000 Hz with seven octavely nested antennas each with a modest 2 to 4 wavelength aperture. A parametric spectral estimation algorithm that modeled the media refraction and source directional characteristics was then used to obtain higher angular resolution near the horizontal direction. 7 The seven octaves were recorded sequentially by synchronously recording the eight 14-bit hydrophone signals from each antenna system on video cassette recorders. The depth and tilt of the vertical hydrophone array were also recorded.
The brightly colored syntactic foam collar around the instrumented pressure vessel maintains the verticality of the system within a small fraction of the hydrophone array angular resolution.
This slide summarizes the procedure used to obtain the dipole source area density function. 1.1 I13 SLIDE 7 In this figure example dipole source area spectrum are compared with previous measurements. 4 ,5 . 6 The log-log axis presentation is the same as the previous slide but the environmental parameter is changed to be the 10 m wind speed with examples chosen to match the previous data. The comparison indicates two points. First, this data generally agrees with previous estimates when spilling breakers are numerous. This is particularly true with the Kuperman and Ferla 6 data. Second, when spilling breakers are not present the abrupt falloff in the spectrum occurring in the present data is not observed in the previous measurements. 
